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(UNCLASSIFIED)  ABSTRACT 

Efforts  to  derive  a  satisfactory  measure  of  the  vulnerability  of 
High  Explosive  munitions  to  steel  fragment  impact  have  been  hampered  by 
a  lack  of  experimental  data.  In  an  attempt  to  remedy  this  deficiency, 
a  number  of  tests  have  been  carried  out. 

This  report  presents  the  results  of  tests  of  firings  of  steel 
fragments  against  U.S,  90mm,  105mm,  and  175mm  HE  (Comp.  B)  artillery 
projectiles,  Soviet  57mn  HE  (RDX/Aluminum/wax)  artillery  projectiles, 
Soviet  122mm  and  152mm  HE  (TNT)  artillery  projectiles,  Soviet  140mm  HE 
(TNT)  rocket  projectiles,  U.S,  81mm  and  Soviet/CHICOM  82mm  mortars  (TNT), 
and  a  variety  of  U.S,  Sub-Missile  munitions. 

These  firing  data  were  used  to  determine  contributions  of  fragment 
striking  mass  and  velocity  required  to  initiate  explosive  reactions. 
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(UNCLASSIFIED)  I.  INTRODUCTION 

The  Ballistic  Research  Laboratories  arc  presently  engaged  in  an 
analysis  of  the  vulnerability  of  a  wide  variety  of  air  and  ground 
targets  to  fragment  impact.  To  complete  vulnerability  studies  on 
weapon  systems  such  as  field  artillery,  tan!  ,  aircraft  and  anti¬ 
aircraft  systems,  the  vulnerability  of  the  High  Explosive  (HE)  munitions 
belonging  to  each  system  has  to  be  determined. 

A  review  of  available  data  dealing  with  the  vainer  f 

explosives  and  explosive-filled  munitions  revealed  that,  with  the 
exception  of  bomb  vulnerability,  only  limited,  empirically-based, 
vulnerability  data  have  been  generated  for  most  types  of  HE  munitions. 

The  data  that  are  available  result  from  limited  ad  hoc  testing.  It  is 
not  possible  to  interpolate  among  and/or  extrapolate  from  the  results 
of  these  tests  because  of  the  wide  variations  in  the  testing  and  target 
parameters.  A  summary  of  the  results  of  these  investigations  is 
discussed  in  parts  A  and  B  of  Section  II  of  this  report. 

This  report  presents  vulnerability  data  on  a  wide  variety  of  HE 
projectiles  to  steel  fragment  impact.  Included  arc  the  results  of 
extensive  testing  against  Composition  B  (Comp.  B)-loaded  U.S.  artillery 
projectiles  and  several  types  of  Sub-Missile  munitions  and  the  results  of 
limited  testing  against  foreign  artillery,  rocket  and  mortar  projectiles. 
The  data  from  the  limited  testing  against  foreign  munitions  do  not  provide 
a  sound  basis  for  rigorous  statistical  analysis  but  are  sufficient  for  a 
comparative  analysis  of  the  effects  of  steel  fragment  impacts  versus  U.S. 
and  foreign  munitions. 

Threshold  fragment  mass-velocity  combinations  required  for  an 
explosive  reaction  with  an  associated  probability  of  0.5  have  been 
established  by  fitting  least  squares  polynomials  Co  the  data  from  the 
firing  records  for  the  U.S.  artillery  projectiles  and  Sub-Missile 
munitions.  These  data  were  used  to  generate  cumulative-probability 
curves  for  the  artillery  projectiles.  Assumptions  upon  which  the 
cumulative  probability  curves  are  based  are  specified  in  the  text. 
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The  vulnerability  ot'  the  foreign  munitions  and  the  U.S.  mortar 
projectiles  were  determined  by  plotting  the  median  values  for  explosive 
reactions  from  their  respective  firing  tables.  In  all  cases,  inter¬ 
polations  and  extrapolations  were  required  because  of  the  limited  number 
of  ilata  points. 

(CONFIDENTIAL)  II.  DISCUSSION 

This  section  has  been  included  to  familiante  the  reader  with 
some  of  the  data  that  are  available  on  the  vulnerability  of  explosives 
and  with  the  way  in  which  these  data  relate  to  the  vulnerability  of  HF. 
munitions. 

A.  Dare  Charge  Attack 

1 « 

Slade  and  Dewey  ,  in  the  abstract  of  their  report,  state  that: 
"Firings  of  right  cylinders  against  bare  tetryl  and  Composition  B  show 
that  the  velocity  for  SO  percent  initiation  is  a  function  of  contact  area 
but  not  of  mass  nor  of  the  form  of  the  projectiles  behind  the  contacting 
surface."  Brown,  Steel  and  Whitbread^,  using  different  types  of  explosive 
targets,  recorded  results  confirming  these  findings.  Because  extensive 
sensitivity  data  on  Comp  B.  were  already  available,  this  explosive  was 
selected  as  a  filler  for  tests  conducted  against  the  U.S.  artillery 
projectiles.  Unfortunately,  similar  data  are  not  available  on  other 
common  HE  fillers. 

B,  Covered  Charge  Attack 

Most  investigators  *  3’  ^  have  recorded  data  indicating 

that,  for  a  given  fragment,  the  striking  velocity  required  to  achieve  a 
SO  percent  probability  of  detonating  a  covered  HE  charge  is  directly 
proportional  to  the  thickness  of  the  cover  plate,  These  results  were 
observed  when  both  the  HE  type  and  cover  plate  composition  were  varied 
and  the  attack  angle  was  kept  constant. 

1 - 

Referenced  are  listed  on  page  6U 
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C.  Explosive  React icns 

No  attempt  was  made  during  the  tests  discussed  in  this  report  to 
determine  the  mechanism  responsible  for  the  explosive  reactions  which 
occurred.  In  the  consideration  of  fragment  impacts  on  HE  projectiles, 
one  or  more  of  the  following  mechanisms  may  affect  the  outcome. 

1.  Initiation  by  Single  Shock.  A  compression  wave  is  formed 
which  reinforces  the  original  shock  wave  and  forms  a  detonation  wave, 

2.  Initiation  by  Multiply -Reflected  Shocks.  A  reflected  shock 
wave  from  a  boundary  meets  the  oncoming  projectile  head-on. 

3.  Surface  Initiation.  The  temperature  of  the  surface  layer  of 
the  explosive  rises  very  quickly. 

4.  Initiation  Caused  by  Hot  Objects  Embedded  in  the  Explosive. 
Impacting  fragments  are  heated  as  they  perforate  the  projectile  wall 
before  they  come  to  rest  within  the  HE  filler.  The  shape  of  the  impacting 
fragment  is  critical  if  this  is  the  mechanism  involved. 

Any  attempt  to  determine  which  of  these  mechanisms  causes  or  cause 
the  explosive  reaction  requires  the  measurement  of  "induction  times". 

The  induction  time  is  defined  as  he  time  between  the  moment  an  explosive 
is  attacked  and  the  moment  reaction  is  initiated.  Unfortunately,  the 
techniques  and  instrumentation  required  to  obtain  such  measurements  are 
not  conducive  to  large-scale,  explosive,  field  testing.  Such  measurements 
are  normally  obtained  in  a  laboratory  using  small  charges. 

D.  Application 

Attempts  to  extrapolate  from  basic  explosive  vulnerability  data  have 
been  hampered  by  the  sparseness  of  the  basic  data  available.  The  number 
of  impact  parameters  involved  in  an  analysis  of  the  vulnerability  of 
explosives  can  be  quite  large,  and  the  interactions  between  and  among 
these  parameters  have  not  been  quantitatively  established  or  even  con¬ 
sidered  in  many  cases. 

Fragment  attack  against  HE-fillcd  projectiles  can  cause  the  projectiles 
to  function  explosively.  The  explosive  reactions  of  these  HE  projectiles 
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to  fragment  attack  can  be  conveniently  grouped  into  two  categories: 
shock-initiated  reactions  and  non-shock  initiated  reactions.  This  tech¬ 
nique  allows  us  to  discuss  in  a  qualitative  manner  those  fragment  and 
projectile  characteristics  that  determine  the  probability  of  a 
successful  attack. 

1.  Shock-Initiated  Reactions.  When  a  fragment  strikes  the  wall 
of  an  HE-fillcd  projectile  a  shock  wave  is  transmitted  to  the  filler. 

The  ability  of  this  shock  wave  to  trigger  an  explosive  reaction  is 
dependent  on  the  following: 

a.  Fragment  Characteristics.  Striking  velocity,  weight, 
fragment  geometry  (contact  area),  shock  impedance*,  and  obliquity  angle. 

b.  Projectile  Characteristics.  Wall  thickness  at  the  point  of 
impact,  shock  impedance  of  the  casing,  protective  coatings  (paint  or 
enamel  applied  to  the  interior  surface  of  the  projectile  could  provide 
protection  via  an  impedance  mismatch),  HL  filler  sensitivity  to  shock 
initiation  and  HE  filler  shock  impedance. 

Shock-initiated  reactions  are  characterized  by  the  following: 

a.  The  probability  that  a  given  HE  projectile  will  react 

explosively  to  fragment  impact  will  increase  as  the  impact  velocity, 
striking  weight  or  the  area  of  the  fragment  impinging  on  the  target 
increases.  The  probability  of  reaction  will  also  increase  as  the  ratio 
of  shock  impedance*  of  fragment  to  that  of  the  projectile  approaches 
unity.  »■ 

I 

b.  The  probability  that  a  given  fragment  striking  any  HE 
projectile  will  initiate  an  explosive  reaction  will  increase  as  the  HE 
sensitivity  increases  and  as  the  projectile  wall  thickness  decreases.6 


The  shock  impedance  of  a  material  is  defined  as  the  product  of  its 
density  and  velocity  with  which  a  shock  wave  propagates  in  it.  The 
efficiency  with  which  shock  is  transmitted  from  one  material  to  another 
is  a  function  of  the  impedance  match  of  the  two  materials .  The  most 
efficient  coupling  will  be  realised  when  the  impeda>ices  of  the  two 
materials  are  equal. 
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The  impedance  matches  between  the  fragment  and  projectile  wail,  projectile 
wall  and  any  coating  material  and  the  interior  surface  of  the  projectile, 
and  between  any  coating  material  and  the  HE  filler  will  also  affect  the 
probability  of  initiation.  The  more  efficient  the  coupling  of  the  shock 
wave  from  the  fragment  to  the  projectile  wall  to  any  coating  material  to 
the  HE  filler,  the  greater  will  be  the  probability  of  an  explosive  reaction. 

2.  Non-Shock  Initiated  Reactions.  Fragments  often  perforate  the 
casing  of  HE  projectiles  without  triggering  any  explosive  or  burning 
reactions.  However,  a  perforation  criterion  appears  to  be  an  effective 
means  of  predicting  an  explosive  or  burning  reaction.  If  a  fragment  must 
first  perforate  the  casing  of  a  projectile  before  any  explosive  or 
burning  reactions  are  observed,  and  shock  is  not  the  mechanism  of 
initiation,  then  embedded  hot  fragments  within  the  HE  filler  appear  to 
be  likely  candidates  (or  initiating  an  explosive  or  burning  reaction. 

While  a  fragment  perforates  the  casing  of  an  HE  projectile,  the 
fragment  experiences  a  temperature  rise.  The  magnitude  of  the  rise  is 
a  function  of  both  fragment  and  casing  character i sit ics ,  and  is  directly 
proportional  to  the  thickness  of  the  casing  material. 

The  probability  that  a  hot  fragment  embedded  in  the  HE  filler  will 
initiate  an  explosive  reaction  is  determined  by  the  temperature  of  the 
fragment  and  the  sensitivity  of  the  HE  filler  to  heat.  The  fact  that  a 
fragment  perforates'  the  casing  of  an  HE  projectile  before  any  explosive 
reaction  is  observed,  does  not  necessarily  imply  that  the  hot  fragment  is 
the  initiating  mechanism.  It  may  well  be  that  the  shock  from  the  striking 
fragment  would  have  been  sufficient  in  itself  to  initiate  the  reaction. 

The  foregoing  discussion  is  provided  to  point  up  some  of  the 
difficulties  one  has  in  trying  to  predict  exactly  what  caused  a  parti¬ 
cular  reaction  in  the  explosive  in  terms  of  meaningful  parameters.  The 
British  Ordnance  Board  report  by  Lcdsham^treats  this  problem  in  con¬ 
siderable  detail. 
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(UNCI)  III.  ^OPE  OF  STUDY  AND  TEST  PROCEDURES 

This  report  presents  data  on  the  vulnerability  of  a  wide  variety 
of  HE  munitions  to  steel  fragment  and  bullet  impact.  Firings  were 
carried  out  against  U.S.  105mm,  125mm,  and  175mm  ME  (Comp.  B) 

artillery  projectiles,  Soviet  57mm  HE  (RDX/aluminum/wax)  artillery 
projectiles,  Soviet  122mm  and  152mm  HE  (TNT)  artillery  projectiles, 

Soviet  140mm  HE  (TNT)  rocket  projectiles,  U.S.  81mm  and  Sovict/CIIICOM 
82mm  mortar  projectiles  (TNT),  and  five  types  of  U.S.  Sub-Missile 
munitions. 

Over  800  firings  were  conducted  in  this  program.  A  breakdown 
of  these  firings  by  fragment  and  munition  type  is  presented  in  Table  l. 

A  physical  description  of  the  artillery,  rocket  and  mortar  projectiles 
can  be  found  in  Appendix  E.  A  physical  description  of  the  Sub-Missile 
munitions  is  available  from  the  Warhead  and  Special  Projects  Laboratory 
at  Picatinny  Arsenal. 

A.  Approach 

U.S.  projectiles  were  selected  for  large-scale  testing  because  of 
their  availability  in  suitab  quantities.  The  105mm,  in  particular,  was 
subjected  to  extensive  testing  because  it  has  a  thinner  wall  than  the 
other  U.S.  projectiles  identified  above.  It  was  anticipated  before 
testing,  that  because  of  fragment  striking  velocity  requirements,  vuln¬ 
erability  data  could  be  more  easily  generated  against  the  thinner-walled 
projectiles. 

Because  the  sensitivity  of  bare  Comp,  B  to  steel  fragment  impact 
had  already  been  established,  it  was  selected  as  a  filler  for  the  U.S. 
artillery  projectiles. 

Prior  to  explosive  testing,  steel  fragments  were  fired  against  empty 
U.S.  projectiles  to  establish  the  fragment  mass-velocity  combinations 
required  for  perforation.  The  impact  location  was  defined  as  a  circular 
area,  one  inch  in  diameter,  centered  over  the  aim  point,  see  Figure  1. 
Impacts  registered  outside  this  area  that  did  not  result  in  explosive 
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TABU  X.  SUXMA&Y  TABU 
Total  Muaber  of  Firing* 

Stool  Frogatnta  Vorout  HE  Munlelono 


Fragment  Weight  (Groin*) 


Target  Typo 

66 

mm 

U.S.  Artillery 
Projectile* 

90w 

29 

18 

27 

105m 

52 

3^ 

56 

A6 

155m 

A 

31 

175m 

A 

AO 

Soviet  Artillery 
Projectile* 

57m 

1 

A 

5 

122m 

10 

5 

7 

IAOm 

9 

152m 

1 

6 

2 

U.S.  81m  and 
Sovlot/CHICOM 

82m  Hortar* 

61m 

1 

12 

A 

82m 

1 

1 

3 

U.S.  Sub-Hleoll* 
Munition* 

M-32 

51 

m-Ao 

53 

20 

31 

36 

7 

6 

9 

9 

XX-Al 

13 

A 

5 

A 

XH-A2 

25 

32 

27 

17 

30  HD  *  30  Grain  High  Density  Steel  (Mallory  3000). 
fragments  were  oasa-hardened  to  Roohjell  C-30, 


Remaining 


n 


reactions  were  assessed  as  poor  hits.  The  rational  behind  these  prelimi¬ 
nary  tests  war  twofold:  (1)  the  tests  could  be  conducted  inexpensively 
at  an  indoor  t!St  facility  with  experimental  errors  kept  to  a  minimum, 
and  (2)  the  dat»'  obtained  would  provide  the  Test  Director,  who  conducts 
the  explosive  testing  in  the  field,  with  a  priority  of  the  impact  con¬ 
ditions  to  be  considered. 

During  the  explosive-testing  phase,  fragments  were  again  fired 
to  impact  close  to  and  above  the  bourrelet.  However,  in  this  phase, 
effects  of  fragment  impacts  at  angles  of  both  zero  and  forty-five 
degrees  were  considered  (see  Figure  1).  Observations  made  during  this 
test  phase  indicate  that  for  a  given  fragment  mass,  the  impact  velocity 
required  for  perforation  of  the  wall  an  HE  filled  projectile  is  greater 
than  that  required  to  perforate  the  wall  of  an  empty  projectile.  The 
magnitude  of  this  velocity  increase  was  determined  by  conducting  frag¬ 
ment  impact  tests  against  projectiles  containing  wax  of  the  same  density 
as  Comp.  B. 

The  data  obtained  on  the  vulnerability  of  the  foreign  artillery, 
mortar  and  rocket  projectiles  and  the  U.S.  mortar  rounds  are  the  result 
of  several  ad  hoc  tests.  The  results  of  these  tests  have  been  included 
only  for  comparative  purposes,  since  they  were  based  on  small  samples 
of  data. 

Extensive  firings  were  conducted  against  five  different  types  of 
Sub-Missile  munitions.  Target  configurations  were  varied  to  Include 
firings  against  bare  rounds  and  rounds  shielded  by  thin  aluminum  plate. 

In  some  cases,  the  target  configurations  simulated  to  a  high  degree  a 
missile  warhead  employing  these  rounds  a*  a  payload.  In  addition  to 
the  mild  steel  fragments,  30  grain  High  Density  (HD)  fragments  were 
fired  against  these  rounds  to  satisfy  an  additional  requirement. 

B.  Test  Procedures 

In  all  the  fragment  impact  phases  of  the  tests,  compact,  cylindri- 
caiiy  shaped,  steel  fragments  weighing  30,  60,  120,  240  and  480  grains 
ware  used  (see  Figure  2). 
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WEIGHT 

(GRAINS) 

RADIUS 

R 

(INCHES) 

LENGTH 

I. 

(INCHES) 

AVERAGE 
PRESENTED  AREA 
(SQ.  INCHES) 

30HD 

0.117 

0.  103 

0. 0500 

30 

0. 15 

0.  225 

0. 0884 

GO 

0.  20 

0.  248 

0. 1533 

120 

i 

0.  249 

0.315 

0. 2210 

240 

0.2985 

0.451 

0.3511 

480 

0.3435 

0.  660 

0.  5425 

NOTE:  JO  HD  - 

30  Grain  High  Density  Steel 

(Mallory  3000)  Remaining 

fragments  ware  case-hardened  to  Rockwell  030, 


Figure  2.  Characteristics  of  Steel  Fragments 
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Smoothbore  Mann  barrels  mounted  on  a  "Frankford  Mount"  wore  used 
for  propelling  fragments  at  vel. cities  up  to  approximately  20C>0  meters 
per  second.  For  higher  velocities  a  light  yes  gun  was  useJ.  A 
chi*,  nog  rap  h  and  "break  screens"  provided  the  means  for  obtaining 
velocity  measurements. 

An  overall  schematic  of  the  field  t.-sl  set-up  and  firing  chamber 
is  hown  in  Figures  3  and  4.  The  mucclc-to-tnrget  distance  illustrated 
»u:  used  far  firing  against  the  smaller  caliber  project iles  It  was 
necessary  to  increase  the  mure i o-t o-target  distanv-  when  cir:ng  against 
t he  larger  caliber  projectiles  to  protect  the  firing  chamber. 

iCONFIUfcXTIAL;  IV.  RLSULTS  AND  OllSf.kV ATIONS 

The  results  of  over  800  individual  firings  have  been  grouped  into 
four  categories:  (1)  II. S.  artillery  projectiles,  (2)  Soviet  artillery 
and  rocket  projectiles,  (3)  U.S.  and  Sov i c t / CH ICOM  mortar  projectiles, 

.md  (4)  II. S.  Sub-Missile  munitions.  The  results  are  presented  in 
tabular  form  in  Appendices  A  through  D  of  this  report. 

fonsiderablc  data  were  generated  on  U.S.  artillery  and  Sub-Missile 
munitions.  Consequently,  those  firings  against  the  U.S.  artillery  and 
Sub-Missile  munitions  which  resulted  in  poor  hits  were  deliberately  omitted 
from  Appendices  A  and  D.  Those  test  results  associated  with  poor,  hits 
were  considered  outside  the  range  of  interest  of  this  study.  Because 
data  generated  on  the  remaining  munitions  were  limited,  all  available 
results,  including  some  which  may  have  very  limited  value,  for  these 
munitions,  were  included  in  Appendices  B  and  C. 

Observations  based  on  these  firing  records  are  discussed  below. 

* 

In  the  discussion,  tables  identified  by  a  lettior  hyphenated  to  a  Roman 
numeral  will  be  found  in  the  appendix  associated  with  the  letter. 

A.  U.  S.  Artillery  Projectiles 

Tables  A-I  through  A-IV  present  the  results  of  firings  conducted 
with  empty  and  wax-filled  artillery  projectiles.  In  general,  as  would 
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N  *. 


Figure  4.  (u)  Firin')  Chamber 
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he  expected,  it  is  observed  that  the  impact  velocity  required  hy  a  given 
fragment  to  perforate  the  wall  of  an  empty  projectile  increases  ns  the 
wall  thickness  of  the  projectile  increases.  These  laboratories  believe 
that  observed  departures  trout  this  general  trei-d  arc  due  to  small  variations 
in  the  average  wall  thickness  of  the  four  types  of  projectiles  tested  and 
to  variations  in  the  wall  thickness  of  individual  projectiles. 

Table  A- II  presents  the  results  of  tests  conducted  against  wax- 
filled  projectiles.  Test  results  suggest  that  if  some  given  fragment 
requires  some  minimum  impact  velocity  to  perforate  the  wall  of  an  empty 
projectile,  then  an  increase  of  approximately  100  meters  per  second  in 
the  impact  velocity  is  needed  for  the  fragment  to  perforate  the  wall 
of  the  same  projectile  when  it  is  filled  with  wax. 

The  results  of  the  firings  conducted  against  d.S.  Comp.  B-loadcd 
00,  105,  155  and  175mm  projectiles  are  presented  in  Tables  A-V  through 
A- IX.  It  is  observed  that: 

1.  For  a  given  fragment,  the  impact  velocity  required  to  initiate 
an  explosive  or  burning  reaction  increases  as  project ile- wal 1  thickness 
increases.  However,  it  is  noted  that  the  ISSmm  projectiles  used  in  this 
test  were  originally  issued  with  a  TNT  filler.  Tho  TNT  was  "steamed" 
out  and  replaced  with  Comp.  B  at  the  Aberdeen  Proving  Ground.  During  the 
steaming-out  process,  the  asphalt-based  paint  coating  on  the  interior  of 
the  projectile  was  washed  out.  This  changes  the  impedance  march  between 
the  projectile  and  the  filler  and  could  have  influenced  the  sensitivity 
of  the  round  to  shock  initiation. 

2.  High  Order,  Low  Order,  end  Burning  Reactions  resulted  from 
similar  impact  mess  and  velocity  combinations,  Tha  minimum  impact 
velocities,  for  •  given  mass  producing  these  reactions,  were  essentially 
the  same, 

3.  Fragments,  impacting  Comp.  B-fiUed  projectiles,  can  initiate 
explosive  reactions  at  velocities  below  that  required  for  perforation 
of  the  projectile  wall.  This  trend  was  noticed  particularly  when 
testing  tho  thicker-walled  projectiles. 
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4.  For  a  given  fragment  impact  mass  (velocity),  a  greater  velocity 
(mass)  is  required  to  initiate  an  explosive  reaction  for  an  ispact(  at 
forty-five  degrees  obliquity  than  for  an  impact  at  2ero  degrees  obliquity. 
This  observation  is  based  on  a  limited  amount  of  data  and  may  not  be 
valid  for  all  mass-velocity  combinations. 

B.  Soviet  Artillery  and  Rocket  Projectiles 

Because  of  a  shortage  of  projectiles,  only  a  few  tests  were 
conducted  against  the  Soviet  S7mm,  122mm,  140mm,  and  152mm  HE  projectiles. 
The  test  results,  presented  in  Tables  B-I  through  B-IV,  indicate  that: 

1.  The  Soviet  projectiles  tested  are  less  vulnerable  than  U.S.  Comp. 
B-fillcd  projectiles  of  similar  caliber.  This  may  be  attributed  to  both 
the  thicker  wall  and  the  less  sensitive  HE  filler  of  the  Soviet  projectiles 

2.  Fragments,  impacting  either  a  57mm,  122mm,  or  a  140mm  HE  projectil 
did  not  initiate  any  explosive  reactions  at  velocities  below  that  required 
for  perforation  of  the  projectile  wall.  No  wall  perforations  or  explosive 
reactions  were  observed  when  fragment  firings  were  conducted  against  the 
thicker-walled  152mm  HE  projectiles. 

C.  U.  S.  81mm  and  Soviet/CHICOM  82mm  Mortar  Projectiles  (TNT) 

The  Ballistic  Research  Laboratories  have  conducted  tests  to  deter¬ 
mine  the  vulnerability  of  both  in-flight  and  stacked  mortar  ammunition  to 
fragment  attack.  The  results  of  these  tests  are  presented  in  Tables  C-I 
and  C-Il. 

Both  the  81mm  and  82mm  projectiles  have  a  wall  thickness  of  approxi¬ 
mately  0.32  inches  throughout  most  of  their  length.  The  major  difference 
between  the  two  projectiles  is  in  the  type  of  metal  used  in  their 
manufacture.  The  domestic  81mm  projectile  casings  are  made  of  steel  while 
the  foreign  82mm  projectile  casings  are  made  of  cast  iron. 

Test  results  show  that  if  an  explosive  or  burning  reaction  is  the 
objective  of  a  fragment  attack,  the  steel-cased  projectiles  are  more 
vulnerable  than  those  with  cast  iron  casings.  However,  if  the  only 
purpose  of  attacking  the  projectile  is  to  defeat  it  as  an  offensive  weapon, 
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(dud  the  round)  then  the  cast  iron  cased  projectile  is  more  vulnerable 
as  it  fractures  more  readily. 

Although  the  fuze  sections  of  projectiles  contain  the  most  sensitive 
elements,  impacts  on  or  near  the  fuzes  in  this  test  did  not  result  in 
High  Order  reactions. 

f).  Firings  against  U.S.  Sub-Missile  Munitions 

Table  0-1  presents  the  results  of  over  300  firings  against  five 
types  of  Sub-Missile  munitions.  It  is  observed  that: 

1.  The  five  types  of  munitions  tested  are  considered  equally 
vulnerable  to  fragment  impact. 

2.  Masking  the  rounds  with  a  0.63  inch  aluminum  sleeve  and/or  a 
0.125  inch  aluminum  plate  with  or  without  a  standoff,  does  not  provide 
sufficient  protection  to  significantly  reduce  round  vulnerability  to 
fragment  impact. 

A  limited  number  of  tests  were  conducted  wherein  2.0  inches  of 
polyurethane  was  placed  between  a  0.125  inch  aluminum  plate  and  a  round 
with  a  0.063  inch  sleeve.  No  reduction  in  round  vulnerability  was 
observed. 

Tests  were  also  conducted  against  grouped  XM-41  rounds  in  aluminum 
containers.  The  results  of  these  tests,  presented  in  Table  D-II,  show 
that  if  one  round  in  the  group  detonates  High  Order,  the  remaining 
rounds  will  also  detonate  High  Order. 

(CONFIDENTIAL)  V.  EXPLOSIVE  REACTIONS 

The  "Military  Standard"*  definition  of  a  detonation  is:  "An 
exothermic  chemical  reaction  that  propagates  with  such  rapidity  that 
the  rate  of  advance  of  the  reaction  zone  into  the  unreactcd  material 
exceeds  the  velocity  of  sound  in  the  unreacted  material,  that  is,  the 
advancing  reaction  zone  is  preceded  by  a  shock  wave.  A  detonation  is 
classed  as  an  explosion.  The  rate  of  advance  of  the  reaction  zone  is 
termed  detonation  rate  or  detonation  velocity.  When  this  rate  of 
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advance  attains  such  a  value  that  it  kill  continue  without  diminution 
through  the  unreacted  material,  it  is  termed  the  stable  detonation 
velocity.  The  exact  value  of  this  term  is  dependent  upon  a  number  of 
factors,  principally  the  chemical  and  physical  properties  of  the  material. 
When  the  detonation  rate  is  equal  to  or  greater  than  the  stable  detonation 
velocity  of  the  explosive,  the  reaction  is  termed  a  high  order  detonation. 
When  the  detonation  rate  is  lower  than  the  stable  detonation  velocity  of 
the  explosive,  the  reaction  is  termed  a  low  order  detonation." 

Detonation  rate  measurements  can  be  obtained  in  the  laboratory  when 
testing  small  quantities  of  bare  explosive.  Because  of  the  elaborate 
instrumentation  required  to  obtain  detonation  rate  velocities,  it  is  not 
feasible  to  collect  such  data  in  tne  field  when  testing  HE-filled  nwni- 
tions. 

When  HE  munitions  are  subjected  to  steel  fragment  impact,  the 
results  are  usually  classified  as  either  High  Order  (HO),  Low  Order  (LO), 
Burning  (B),  or  No  Reaction  (NR).  Some  investigators  have  subdivided  the 
Low  Order  and  Burning  reactions  and  labeled  them  High  Low  Order,  Mild  Low 
Order,  Low  Low  Order,  Prolonged  Burning,  etc.  Test  results  arc  usually 
classified  by  personnel  in  the  field  on  the  basis  of  some  predetermined 
criteria  and  are  subjective  in  many  cases. 

The  classifications  of  the  results  presented  in  this  report  are 
qualitative.  No  photographic,  electronic  or  mechanical  equipment  was 
used  to  quantitatively  measure  the  response.  The  Test  Director  in  the 
field  was  required  to  classify  the  results  as  No  Reaction  (with  or  without 
perforation),  Burning,  Low  Order  or  High  Order. 

Classification  of  results  as  No  Reaction  or  Burning  is  straight¬ 
forward  and  presents  no  problems.  However,  the  rationale  used  for  assessing 
results  as  High  Order  or  Low  Order  requires  some  explanation. 

It  was  observed,  during  the  tests,  that  impacting  steel  fragments 
could  perforate  the  wall  of  a  steel-cased  projectile  leaving  a  well- 
defined  hole.  A  visual  inspection  did  not  reveal  any  additional  degradation 
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in  the  structural  integrity  of  the  projectile.  When  comparable  projectiles, 
under  similar  impact  conditions,  fractured  into  two  or  more  pieces,  it  was 
assumed  that  it  was  the  result  of  an  explosive  reaction. 

It  was  further  assumed  that  the  number  and  sice  of  the  projectile 
pieces  were,  in  some  sense,  indicative  of  the  magnitude  of  the  explosive 
reaction.  Explosive  reactions  were  classified  High  Order  if  there  was  no 
evidence  of  large  fragments  and  of  unconsumcd  HH  filler  in  the  impact  area. 
If  any  large  pieces  of  the  projectile  or  unconsumcd  HE  were  observed  in 
the  impact  area,  the  test  result  was  classified  Low  Order. 

If  a  detonation  rate  criterion  is  the  only  accurate  method  of 
classifying  test  results  as  cither  High  Order  or  Low  Order,  then  it  is 
possible  that  some  of  the  explosive  reactions  classified  High  Order, 
in  this  report,  should  be  reclassified  Low  Order. 

These  Laboratories  have  conducted  tests8  to  determine  the  vulnerability 
of  3<bun  and  40mm  HE  gun  systems  to  small  arms  attack.  It  was  observed  that 
0.30,  0.50,  and  0.60  caliber  bullets,  impacting  at  service  velocity  on  the 
base  of  30mm  rounds,  could  detonate  the  30mm  projectile  High  Order.  The 
criterion  for  a  High  Order  reaction  was  complete  fragmentation  of  the 
projectile  and  the  complete  consumption  of  all  the  HF.  filler.  Additional 
tests  were  conducted  wherein  groups  of  rounds  were  taped  together  and  one 
round  was  subjected  to  bullet  impact.  Test  results  indicated  that  some 
of  the  remaining  rounds  could  sympathetically  function  Low  Order.  However, 
when  one  round  in  a  group  of  rounds  was  statically  detonated,  all  rounds  in 
the  group  detonated  High  Order. 

If  we  assume  that  statically  detonated  projectiles  always  detonate 
High  Order,  and  that  when  one  projectile  in  a  group  of  projectiles  deto¬ 
nates  High  Order  the  remaining  projectiles  will  always  sympathctical ly 
detonate  High  Order,  then  all  the  test  results  classified  High  Order  in 
reference  8  as  a  result  of  bullet  impact  arc  suspect. 

Using  the  response  of  witness  rounds  as  a  criterion  f*.  classifying 
explosive  reactions  as  High  Order  or  Low  Order  could  prove  to  be  a  valid 


23 


CONFIDENTIAL 


CONFIDENTIAL 


technique.  Unfortunately,  range  facility  limitations  and  safety 
restrictions  would  limit  the  use  of  this  technique  to  those  tests 
involving  the  smaller  caliber  HE  projectiles. 

Until  personnel  in  the  field  have  the  means  of  quantitatively 
as  ing  the  magnitude  of  explosive  reactions,  at  a  reasonable  cost, 
there  test  results  classified  High  Order,  in  fragment  or  bullet  impact 
tests  conducted  against  HE  munitions,  are  questionable  and  could  easily 
be  Low  Order, 

(CONFIDENTIAL)  VI.  ANALYSIS  OF  DAT*. 

Test  results  were  analyzed  using  several  different  methods.  For 
a  given  projectile,  the  number  of  parameters  investigated  and  the  number 
of  data  points  available  for  each  parameter  determined  the  method  to  be 
used.  The  methodology  reflects  both  the  utility  and  validity  of  analysis 
as  a  predictive  tool. 

The  methods  used  in  analyzing  the  vulnerabi lity  of  each  group  of 
munitions  are  discussed  in  the  following  sections. 

A.  U,  S.  Artillery  Projectiles 

In  this  analysis,  those  test  result!  classified  High  Order  and 
Low  Order  were  combined  and  treated  as  one  phenomenon.  This  approach 
is  justified  on  the  bases  that,  for  the  area  of  primary  interest, 

(i.e.,  thresholds  for  High  Order  and  Low  Order  reactions),  the  impacting 
»!i»-velocity  combinations  were  observed  to  be  the  same. 

For  each  type  of  shell,  the  data  is  of  the  form  (m^,  v.^,  d^),  where 
is  the  mass  of  the  fragment  fired,  i  ■  1,  2,.,,,  M, 

Vjj  is  the  corresponding  velocity  for  each  i,  j  •  1,2,...,  N. 
d^  is  the  corresponding  result  of  the  test,  d^  »  0  or  1, 

that  is,  d^j  •  0  when  a  fragment  of  mass  fired  at  a  velocity 
v^j  resulted  In  no  detonation,  and  ■  1  when  the  fragment  impact 
resulted  in  a  detonation. 
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An  adequate  model  for  this  type  of  experiment  is  described  by  Golub 
and  Grubbs*.  The  assumptions  and  techniques  are  described  in  reference  9 
and  will  not  be  repeated  here.  Kith  this  method,  for  each  shell  and 

_  -  ^  j 

each  fragment  of  mass  nr  ,(v.  d..)  are  used  to  obtain  V.,  a-.,  ,  o' 

lljlj 

i 

where 

•  V  (commonly  called  V.$)  is  ar.  estimate  of  the  mean 
velocity  corresponding  to  i  .  with  th-;  property 
that  a  projectile  of  mass  nr  fii^d  at  ,r  •  given  shell 
with  a  velocity  of  Uj  will  detonate  the  shell  50%  of 
the  time. 


•  o?  is  an  estimate  of  the  variance  c?. 

*  <5^  is  the  approximate  variance  of  the  estimate  V^. 


•  o2  is  the  approximate  variance  of  the  estimate  s?. 

One  assumption  of  the  model  is  that  the  probability  of  detonation 
p  is  given  by 


0) 


where 


Since,  for  each  shell  and  each  fragment  mass  nr,  and  o2  are 
maximum  likelihood  estimates  of  u  and  o2,  one  can  construct  a  probability 
function  based  on  the  assumption  of  normality  and  the  estimates. 

Preliminary  analysis  of  the  data  using  median  velocity  values  (sec 
Table  A-V  through  A-IX)  for  each  type  of  shell  indicate  that  mass  versus 
velocity  plots  for  each  shell  would  be  hyperbolic.  Therefore,  a  curve 
of  the  form  V*1  ■  K/m  was  fit  to  the  data  corresponding  to  each  shell, 
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namely,  h  and  K  were  to  be  estimated  for  each  shell.  Because  of  the 
small  number  of  data  points  used  to  fit  each  curve,  it  was  decided  that  only 
one  parameter  should  be  estimated.  Since  h  ■  3  was  a  good  representative 
value  for  the  power  of  V  over  all  fits,  we  fixed  the  value  of  h  at  3 
and  estimated  K  only. 

For  each  shell,  a  curve 

(2)  ?3  -  K/m 


was  fit  using  the  method  of  Least  Squares  and  the  Data  points  (itk  ,  V. ), 
i  ■  1,  ....  n.  K  was  chosen  so  that 


n 

(3)  Y_  ^i  *  W®)1/3)2 

i-1 


was  a  minimum. 


The  solution  is 


(4) 


For  each  shell,  eq.  (2)  gives  an  estimate  of  V  (V.5)  as  a  function 
of  the  mass  of  the  projectile. 

For  each  shell  and  each  V.  corresponding  to  m. ,  o2  ,  an  approximate 

1  1  V. 

_  x 

variance  of  the  estimate  V.,  was  used  as  a  weighting  factor  in  a  second 
fit  of  the  curve  V3  ■  K'  so  that 


wt  (Vt  -  (K'/m)1/3)- 


is  a  minimum,  where 
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k.  •  l,'o£  .  The  minimizing  value  of  K*  is 


V  V 

i*l 


.1/3  i  1 


;  £  wi 

i»l 


The  second  fit  of  the  data,  usinj  the  weights,  would  appear  to  he  a 

reasonable  criterion.  For  a  data  point  (m.  ,  "  )  where  the  o  7_  is  small, 

1  V 

i 

indicative  of  a  more  reliable  estimate,  the  weight  is  large,  thus  forcing 
the  curve  close  to  the  point.  Similarly,  for  data  point  (m.,  V.)  where 

the  o  is  large,  indicative  of  a  less  reliable  estimate,  the  weight  is 


small,  thus  permitting  the  curve  to  miss  the  data  point  by  more.  Thus 
the  estimates  for  the  fits  using  the  weighted  criterion  will  be  closer  to 
the  points  which  have  lower  confidence  than  the  corresponding  estimates  for 
the  fits  using  equation  (4).  These  data  are  presented  in  tabular  form  in 
Tabic  II. 

The  results  of  this  analysis  were  used  to  establish  a  protection 
coefficient  "K"  for  Comp.  B- I <  led  artillery  projectiles.  This  technique 
developed  by  F.  C.  Ledsham  is  discussed  in  detail  in  the  British  Ordnance 
Board  report.6 

The  protection  coefficient  is  defined  as: 

(V  -  VI  d 

(S)  K  •  - - 2 - 

Vo  * 

where 
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TABLE  II  (C).  CLASSIFICATION  OF  RESULTS 
Impacting  Mass-Velocity  Combinations  Required  To 
Explosively  Function  U.S.  Artillery  Projectiles 
(Composition  U)  50^  of  the  Time  (U) 
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V  •  striking  velocity  (mps)  that  a  cylindrical  steel  fragment, 
impacting  face-on,  required  to  detonate  a  Comp.  B-loaded  artillery 
projectile  SO  percent  of  the  time. 


Vq  •  the  striking  velocity  (mps)  that  the  same  fragment,  impacting 
face-on,  required  to  detonate  High  Order  bare  Comp,  B  50  percent  of  tse 
tine.  These  data  were  taken  from  a  report  by  Slade  and  Dewey  (see  Figure  S). 

d  •  the  diameter  of  the  fragment  in  inches. 


x  ■  projectile  wall  thickness  in  inches  at  the  point  of  impact. 

Protection  coefficients  were  generated  for  all  the  U.S.  projectiles 
using  eq.  (S)  and  are  presented  in  Table  III. 


To  arrive  at  a  generalized  solution  for  these  projectiles,  the 
weighted  least  squares  data  was  averaged  and  found  to  be  0.740.  Setting 
K  ■  0.740  and  solving 

V  (ICx  *d) 

(6)  V  .  -i-, - 

predictive  curves  were  generated  for  each  projectile.  Figures  6  through  9 
show  these  predictive  curves  together  with  the  weighted  least  squares 
curves  for  High  Order  and  Low  Order  reactions  and  least  squares  curves 
for  perforation  of  the  projectile  wall. 

Assuming  normality  of  data  and  using  the  V.$  and  a  values  generated 
via  the  Golub  and  Grubbs  Analysis,  it  was  possible  to  construct  cumulative 
probability  distributions  in  most  cases.  These  distributions  are  illus¬ 
trated  in  Figures  10  through  13  and  provide  some  guidance  in  predicting 
the  changes  in  striking  velocity  required  to  detonate  a  projectile  for 
probabilities  of  detonation  other  than  0.5. 

B.  Soviet  Artillery  Projectiles 

Because  of  the  limited  data  available,  estimates  of  the  vulnerability 
of  the  57mm,  122mai  and  140mm  projectiles  were  made  using  a  residual  velocity 
criterion.  An  analysis  of  all  the  data  for  these  rounds  shows  that  no 
explosive  reactions,  High  or  Low  Order,  were  observed  until  the  striking 
velocity  of  the  fragment  exceeded  that  required  for  perforation.  Using 
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Protection  Coefficients  for  U.S.  Artillery  Projectile 
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perforation  data. 

--  Weighted  least  squares 
fit  of  test  data  for  High 
Order  and  Low  Order 
reactions. 

—  —  —  Predictive  curve  using 
a  protection  coefficient 
(K)  =  0.740. 

NOTE:  Projectile  Wall  Meas¬ 
ured  0.485  Inches  at  Point  of 
Impact.  Obliquity  Angle  = 

Zero  Degrees.  Probability 
of  a  High  Order  or  Low 

Order  Reaction  -  0. 5. 
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Figure  6  (C).  Vulnerability  of  the  U.S.  90mm  HE  Projectile 
(Composition  B)  to  Fragment  Impact  (U ) 
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*— —  —  Predictive  curve  using 
a  protection  coefficient 
(K)  =  0.740. 

NOTE:  Projectile  Wall  Meas¬ 
ured  0.  40a  inches  at  Point  of 
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of  a  High  Order  or  Low  Order 
Reaction  ■*  0. 5. 
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Figure  7  (C).  Vulnerability  of  the  U.S.  105mm  HE  Projectile 
(Composition  B)  to  Fragment  Impact  (U) 

38 


CONFIDENTIAL 


Impacting  Velocity  (MPS) 


CONFIDENTIAL 


3000 

2500 

2000 

1500 

1000 

Figure  8 


i 

'■  ■■■  Least  squares  fit  of 
perforation  data. 

— «•*  Weighted  least  squares 
fit  of  test  data  for  High 
Order  and  Low  Order 
reactions. 

— —  — -  Predictive  curve  using 
a  protection  coefficient 
(K)  =  0.740. 

NOTE:  Projectile  Wall  Meas¬ 
ured  0. 56  Inches  at  Point  of 
Impact.  Obliquity  Angle  = 

Zero  Degrees.  Probability 
of  a  High  Order  or  LowOrder 
Reaction  =  0. 5. 
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(C).  Vulnerability  of  the  U.S.  155irm  HE  Projectile 
(Composition  B)  to  Fragment  Impact  (U) 
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all  the  projectile  perforation  data  available  and  the  firing  records 
for  these  rounds,  the  following  velocity  criterion  was  established 
for  each  round 


60  gr 

i:o  gr 

240  gr 

S7mm 

7S0  mps 

non  mps 

S00  mps 

122mm 

400  mps 

•'00  mps 

27S  mps 

140mm 

1000  mp:‘. 

800  mps 

700  mps 

These  velocities  are  estimates  of  the  minimum  velocities  required 
by  the  fragments,  after  perforating  the  projectile  wall,  to  initiate  a 
Low-Order  reaction  S'J*.  of  the  time.  The  predictive  curves  for  these 
rounds  are  presented  in  Figures  14,  IS,  and  It-. 

It  was  not  possible  to  make  any  predictions  on  the  vulnerability 
of  the  152ram  projectile.  None  of  the  fragments  fired  against  this  round 
were  able  to  perforate  the  projectile  wall.  The  .50  cal  bullet  impacting 
at  service  velocity  (869  mps)  initiated  a  Low  Order  reaction. 

C.  U. S.  81mm  and  Soviet/CHICOM  82mm  Mortar  Projectiles 

The  experimental  data  for  these  two  mortar  projectiles  result  from 
two  ad  hoc  tests  conducted  at  these  Laboratories  and  are  included  in 
this  report  for  comparative  purposes.  The  objective  of  the  first  test 
was  to  determine  the  vulnerability  of  stacked  mortar  ammunition  in  wooden 
boxes  to  fragment  impact.  The  second  test  was  conducted  to  establish 
the  in-flight  vulnerability  of  the  round.  Both  tests  were  limited  and  it 
was  not  possible  to  generate  a  predictive  curve  for  the  Soviet/CHICOM  82mm 
round.  An  estimated  vulnerability  curve  for  the  U.S.  81mm  mortar  projectile 
based  on  the  two  data  points  available  is  presented  in  Figure  17. 

D.  U.S.  Sub-Missile  Munitions 

Considerable  data  were  generated  during  this  scries  of  tests.  The 
30  grain  high  lensity  fragments  were  used  to  satisfy  an  additional  re¬ 
quirement  and  the  data  are  included  for  comparative  purposes  only. 
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Figure  14  (C).  Vulnerability  of  the  Soviet  57mm  HE  Projectile 

(RDX/alumlnum)  to  Fragment  Impact  (U) 
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Figure  15  (C).  Vulnerability  of  the  Soviet. 122mm  HE  Projectile 

(TNT)  to  Fragment  Impact  (U) 
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Figure  17  (C),  Vulnerability  of  the  U.S.  81mm  Mortar 

Projectile  (TNT)  to  Fragment  Impact  (U) 
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The  median  value,  of  the  impacting  velocities,  each  fragment 
required  for  each  type  of  reaction  is  grouped  by  munition  type  for  all 
impact  conditions  in  Table  IV.  The  same  median  value  data  are  grouped 
by  impact  conditions  for  all  monition  types  in  Table  V.  The  number 
in  parentheses  following  the  median  values  in  both  Tables  IV  and  V  is 
the  number  of  observation  used  in  arriving  at  the  median  values. 

An  examination  of  the  data  in  Table  V  indicates  that  the  five  types 
of  munitions  tested  can  be  considered  equally  vulnerable  to  fragment 
impact.  Therefore,  the  data  were  combined  and  an  analysis  was  made 
independent  of  munition  type. 


The  median  values  presented  in  Table  VI  were  reduced  from  these 
combined  data  using  High  Order  values  only.  The  7. 5  and  o  values  were 
computed  using  the  Golub  and  Grubbs  technique  and  classifying  both  the 
Low  Order  and  ruptured  case  results  as  the  no  detonation  case,  i.e.,  d. 


*  0.  Curves  were  fit  to  the  median  value  data  for  all  three  impact 
conditions,  sec  Figure  18. 


U 


Because  of  the  physical  size  and  shape  of  these  rounds,  these 
Laboratories  believe  that  the  vulnerability  curves  in  Figure  18  are 
valid  for  all  obliquity  angles  up  to  ricochet. 


(CONFIDLNTIAI.)  VII.  CONCLUSIONS 

All  types  of  conventional  HE-fillcd  munitions  arc  vulnerable  to 
steel  fragment  impact.  The  response  of  a  particular  round  to  fragment 
ti  pact  is  a  function  cf  the  following  parameters. 

A.  Fragment  Characteristics 

The  impacting  mass,  velocity  and  shape  all  influence  the  way  in 
which  a  round  will  respond.  However,  it  is  not  known  which  of  these 
three  parameters  is  predominant. 

B.  Projectile  Characteristics 

There  is  a  steady  decrease  in  the  vulnerability  of  steel  HE 
projectiles  as  the  wall  thickness  increases.  Limited  tests  indicate 
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TABU  IV  (C). CLASSIFICATION  OF  kL'SULTS 
Fragments  Versus  Sub-Missile  Munitions 
Median  Values  Grouped  by  Target  Type  (U) 
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TABLE  IV  (C).  CLASSIFICATION  OF  RESULTS 
Fragments  Versus  Sub-Missile  Munitions 
Median  Values  Grouped  by  Target  Type  (Continued)  (U) 
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Median  Values  Grouped  by  Iayiact  Conditions  (Continued)  (U) 


CONFIDENTIAL 


« 

t 

e 

« 

U 

*4 

a 

• 

> 

c 

n 

X 

u 

o 

X 

£ 

SO 

<VJ 

-» 

*\ 

CVi 

*r\ 

1 

CM 

CO 

sS* 

cv  44 

a  cm  S' Sf  cm” 

sssssr 

Cm  —  <M  —  CM 

cm"  CM*  A 

S'Sv'S'S 

m5-»  j  i> 
<7\  CM  A  3 
^  CM  CM  CM 

N"\  \$ 

0J  CO 

44  «*4 

aO  ^  *"N  ^ 

*r\  p^aO  CT> 

44  44  44  44 

X 

o 

►J 

r* 
•— » 

of 

CM 

H  K 

c7  C\T  CM  A 

Sr-”—' 

CM  CO  CN 

co  o<2  o 

—1  —  —  CM 

CM  CM*  -4  CM 

KgSg 

O  CD  CJ  0J 
0J  CU  ft 

o  8>SJ 

evi  jTvno  co 

a4  4  H  H 

• 

o 

at 

<V1 

A 

CM 

2T 

§ 

u 

Cum 

axe 
fl  4- 

Sc  a 
a  «  u 
u  »  so 

b<  w 

i 

* 

a 

a 

S3 

QQOQO 

ssss 

o  o 

CM  CM 

H  — « 

o  o  o  o 

CM  CM  CM  CM 

H  M  ^ 

9  5^ 

C  -O  4» 
£ 

fl  •  u 
9  c 

**  X 
<  Ww 

A 

CM 

*-< 

6 

A 

CM 

« 

O 

lA 

CM 

•-« 

o 

o  o 

AAA  (A  CO 
CM  CU  CM  CM  CO 

ad  Sd  as  *4 

o  o  6  o  o 

A  A  A  CO 
CM  CM  CM  CO 

I—  —1  — «  *— 
a  a  a  « 

o  o  o  o 

o  o 

A  lACQ  03 
mj  cm  ao  55 

odd  cm 

to '•T 
c  « 

u  o 
%  c 
a  ^ 

0)  w 

o 

s 

CVI 

o 

& 

A 

a 

4* 

o  o 

o  o  o  o  o 

a  jR£cj~ 

A  r-co  A 

•  a  a  « 

•d  *4  44  4 

©  o 

o  o  o  o 

u 

4» 

ffft 

£ 

sx 

1 

X 

w 

3 

i 

X 

^4 

w 

3 

1 

X 

s2! 

xS 

_  UJ  —  CM  CJ 

33^  .  . 

x>i552 

x  x  x  R 

44 

UJ 

53 
•  • 

X  X 

•  -5  •  i 

5x55 

5$ 


CONFIDENTIAL 


TABLE  V  (C).  CLASSIFICATION  OF  RESULTS 
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that  cast  iron  projectiles  fracture  when  subjected  to  fragment  impact  at 
mass-velocity  combinations  well  below  those  required  to  initiate  an  explo¬ 
sive  reaction.  The  shock  attenuation  properties  of  cast  iron  probably 
provide  some  degree  of  protection  against  shock-initiated  explosive 
reactions. 

C.  HE  Filler  Characteristics 

Comp.  B-filled  artillery  projectiles  are  more  vulnerable  to  fragment 
impact  than  comparable  rounds  filled  wtth  TNT. 

There  does  not  appear  to  be  any  difference  in  the  minimum  impacting 
mass-velocity  combinations  required  to  initiate  High  Order  and  Low  Order 
reactions  for  Comp.  B-filled  project! les. 

It  is  possible  to  explosively  initiate  a  Comp.  B-filled  projectile, 
via  fragment  impact,  ae  velocities  below  that  required  for  perforation  of 
the  projectile  wall.  However,  the  mass-velocity  combinations  required  to 
perforate  the  wall  of  TNT-filled  projectiles  was  always  exceeded,  in  this 
series  of  tests,  before  any  explosive  reactions  were  initiated.  A  residual 
mass-velocity  criterion  appears  to  be  the  only  method  available  in  making 
reasonable  estimates  on  the  vulnerability  of  the  HE  munitions  tested 
utilizing  a  filler  other  than  Comp.  B. 

The  Sub-Missile  munitions  tested  are  equally  vulnerable  to  fragment 
impact.  It  is  reasonable  to  assume  that  other  munitions  in  this  class 
will  respond  similarly. 

Because  data  were  available  on  the  vulnerability  of  bare  Comp.  B  to 
fragment  impact,  it  was  possible  to  generate  protection  coefficients  for 
Comp.  B-filled  munitions.  These  coefficients  can  be  used  in  making 
reliable  estimates  on  the  vulnerability  of  Comp,  B-filled  munitions. 

The  results  of  this  series  of  tests  should  prove  useful  to  analysts 
in  assessing  the  vulnerability  of  a  wide  range  of  HE  ammunition  to  frag¬ 
ment  impact.  They  should  also  be  of  value  to  those  engaged  in  the  design 
of  new  munitions.  Attention  has  been  focused  on  those  parameters  which 
influence  the  vulnerability  of  HE  munitions.  It  appears  likely  that  the 
vulnerability  of  conventional  HE  munitions  can  be  significantly  reduced. 
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(UNCL)  VIII.  RECOMMENDATIONS  FOR  FUTURE  WORK 

To  provide  those  engaged  in  assessing  and  predicting  the  vulnera¬ 
bility  of  HE  munitions  to  fragment  or  other  type  projectile  impact  with 
the  information  they  require,  the  following  recommendations  are  made. 

A.  Using  instrumentation,  establish  an  "absolute  standard"  for 
determining  the  response  characteristics  for  High  Order  and  Low  Order 
reactions.  This  would  provide  test  personnel  in  the  field  with  a  method 
for  making  quantitative  assessments  for  all  explosive  reactions  and 
assist  the  analyst  in  the  application  of  the  results. 

B.  Conduct  firings  against  TNT-filled  U.S.  artillery  projectiles. 
TNT  is  one  of  the  least  sensitive  of  the  more  common  HE  fillers  while 
Comp.  B.  is  one  of  the  most  sensitive. 

C.  Conduct  additional  firings  against  Comp.  B  and  TNT-fillcd 
munitions  and  determine  their  vulnerability  as  a  function  of  impact 
angle. 

D.  Determine  the  vulnerability  of  bare  TNT  to  steel  fragment 
impact.  It  may  be  that  a  relationship  exists  between  the  vulnerability 
of  bare  TNT  and  TNT-filled  munitions.  If  a  relationship  does  exist,  it 
could  provide  the  means  for  developing  a  predictive  technique  similar 

to  that  now  available  to  analysts  assessing  the  vulnerability  of  Comp.  B 
filled  artillery  munitions. 

E.  Through  live  firings,  quantitatively  assess  the  desensitizing 
effect,  if  any,  of  the  more  common  and  experimental  materials  that  could 
be  used  as  either  a  coating  on  the  interior  surface  of  the  projectile  or 
as  an  additive  to  the  HE  filler. 

It  is  recognized  that  these  additional  investigations  will  not 
satisfy  the  requirements  of  all  researchers.  However,  they  should 
provide  the  vulnerability  analyst  with  a  data  bank  from  which  valid 
predictions  can  be  made  on  the  vulnerability  of  a  wide  variety  of  HE 
munitions  to  steel  fragment  impact. 
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Steal  Fragment*  Versus 
U.S.  Artillery  Projectiles  (U) 
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-  »-u  <c).  s  ?  Mr-. 

Ira~r.er.*s  t  ‘  .-I 

’'•r.f"v  tr.d  >.£•*  • 11 led' 


rbi.fr.CT/, 

*!bSS 
/ra ins ) 

Innact 

Velo>:i*y 

1  np-  ) 

iT0,'»  :tile 

Killer 

:.ei  1 

»■*) 

7hi-kn*?ss  r  ... 

(inches  J  £rtfifil 

Penetra¬ 
tion 

—  *> 

Ft  r  fo  ra¬ 
ti  c-r. 

30 

1607 

Empty 

0. 603-  .012  X 

lr;r)9 

X 

1721 

"  X 

1760 

"  X 

. 

i8e5 

" 

"  X 

189? 

X 

1923 

" 

X 

1963 

4f 

" 

X 

2098 

" 

•» 

X 

60 

1389 

Empty 

0.1*03 1  .012  X 

1607 

•»  V 

A 

l6o£ 

** 

X 

1533 

»» 

*1 

X 

1525 

Wax 

"  X 

1579 

II 

"  X 

1670 

t» 

If 

X 

1780 

ft 

•  1 

X 

1986 

*1 

X 

120 

979 

Empty 

0.603*  .012  X 

996 

fl 

"  X 

1126 

*r 

X 

1131* 

11 

*» 

X 

1172 

ti 

M 

X 

1216 

fi 

•  1 

X 

1252 

*» 

" 

X 

1255 

if 

X 

260 

6g1 

Empty 

0. 603*  .  012  X 

788 

X 

802 

" 

X 

o6l 

” 

X 

955 

11 

X 

997 

" 

" 

X 

1006 

*1 

11 

X 

i022 

Wax 

X 

1096 

*' 

fl 

X 

1272 

it 

X  ■ 
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j 

A-II 

■ 

.•  1. 

■;«  jw ;■  T1'.  i 

V  jut, tv  - 

ri*r.« -:.T  .  *.  t  .".  ,r.  1 

'  "iT.  >*! 

■  f  • 1  i  1' 

■  i  i-.r'  .•  «-i.d  .  •■/ 

i  !  I'.'j  ) 

. 

I'M 

lnn.ict 

t'ClI. ill 

V/all 

:'»;5lil,'S 

*.y 

ili'ir 

!hi  :kr.  .C- 

Par*,  it  i  : 

i't-r. c-1  it-  i  -i. 

veil:?' 

(inch  si 

i 

Mr.r. 

XO 

»  . .  *• 

—  pL  'J 

3.  >  *  .y'll 

» 

D.'Ll 

" 

X 

2  06  3 

V 

•„  .1 

i-'v.b 

t-np'.y 

0.  .  ,'>1  ' 

i;i  - 

*» 

X 

L-M 

•  • 

V 

1-  v-'i 

•  1 

V 

l:Li 

y. 

•l 

A 

120 

1176 

EapV 

.:Ct  .02 

120' 

" 

** 

V 

i 

12  hi' 

»• 

y 

12  oe 

*• 

*• 

/. 

1 

133/ 

2b  0 

*> 

■  ^ 

i-.mpty 

-..10*  .02 

y 

, 

-C'-,3 

X 

1062 

Y 

ilw.  “  r 

All  fragments  were  aimed  to 

impact  at 

a  point  where  the 

projectile  wall  measured  0, 

40 3  or  0,50 

*  0,030  inches 

and  at  an 

obliquity  angle  of  zero  degrees. 
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Tf3LK  A- lit  fC) .  CODIFICATION  01  TlSSULTS  - 

Tr^'gments  Versus  155mni  KE  Projectile  (Empty)  (U) 


Fragment 
(grains ) 


Impact  Velocity  Results 

(mps)  Partial  Perforation 

Penetration 


.10 


±20 


2L0 


1570  X 

1975  X 

2012  X 

2059 

1L76  X 

1519  X 

1531 
1591 

1612  X 

1617  X 

1629 
I676 
1706 
1815 


X 


X 


X 


X 

X 

X 

X 


1282  X 

1378 

1306 


X 

X 


NOTE:  All  fragments  were  aimed  to  impact  at  b  point  where  th 
nmjaetl  1«  wall  0.5ft  t  O.Oif)  Inch**  and  at  an 

obliquity  annle  of  zero  decrees. 
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r/, 'LL-:  A- 

!■  r&.'i.ienL 
<  ;;raiii 

•  C 

120 


2b  0 

NOT! 
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(0).  CLASSIFICATION  OF  RESULTS  - 

Fragments  Versus  175am  1IE  Projectile  (Empty)  (U) 


Impact  Velocity 


Results 

Pur1  isi  PerforHti'.r; 

Ter.',  tretiun 


IV  I* 

19..I-T 
COCO 
20'.  t 


/ 

X 

X 


131.' 
132/ 
13M 
136C 
11*29 
H*59 
ii»7i 
Hi  76 
ll*79 
1505 
1622 
1627 


y 

7 

X 

Y 

X 


X 


X 


X 

X 

X 

X 

X 


1035 

1006 

1160 

1190 


X 


X 


X 

X 


:  All  fragment 5  were  aimed  to  impact  at  a  point  where  the 
projectile  wall  measured  0.525  ♦  0.030  inches  and  at  an 
obliquity  angle  of  zero  degrees. 
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TABLE  A-V(C).  CLASSIFICATION  OF  RESULTS  - 

Fragments  Versus  90®  HE  Projectile  (Composition  6)  (U) 


Fragment 

Mass 

(grains) 

Impact  Velocities  (mps) 

High  Order 

Lov  Order 

Burn 

No 

Reaction 

eo 

2187 

2060 

2111» 

181*7 

20/1* 

2068 

1893 

2085 

2101* 

I502 

2101 

2117 

1952 

2131 

21 26 

202C 

2131 

2151 

2033 

211*6 

215U 

2059 

211*6 

2328 

2068 

2162 

2066 

21/1 

120 

mil 

■B 

1571 

1571 

1568 

BIS 

1580 

1586 

1585 

2L0 

1319 

1228 

120l»* 

1179 

1239 

13^2 

1228 

1319* 

1191 

121*3 

1362 

133'* 

1202 

1253 

1386 

1205 

1251* 

1223 

1260 

*  Indicates  that  the  projectile  wall  was  perforated.  All  fragments 
were  aimed  to  impact  at  an  obliquity  angle  of  zero  degrees. 
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f.r  A-Vl  «:>.  '  LASSiriCAVION  (>F  p.::nULTS  - 

Fraiycntt:  Vursuc  106rjn  I  IT  Projectile 
iitiot.  )  ij) 


IV  ragmen  t 

,-Iuoo 

Vra  Lea ) 

Impact  Velocities 

Cmps) 

ili.-ii  Order 

.a...  order 

Hurn 

i.'o  lieb 

;tion 

iO 

oil: 

21'  .t- 

2171* 

2459 

2675 

r*»/.o 

2711' 

2190 

2482* 

2687* 

2287 

2S13 

2687 

27- 

2313 

2585* 

2725* 

k(.Ci 

2355 

2609 

2726* 

i 

■J  '10 

2357 

2621 

2745 

r  :,o 

2387 

2623 

2867* 

t 

2409 

2635 

i 

i 

j.-'-U 

2454 

2638 

_■  ^ 

l-ZO 

lJltV 

* 

i6‘/;< 

1/75 

1733 

lb  71 

1717 

17d5 

icy, 

1379 

1739 

I063 

it',1* 

176t* 

1336 

lore-  . 

17‘.'t 

id 

If  76 

120 

HM 

lt56 

lLV> 

1175 

1120* 

lttc 

193 1* 

1211* 

1UU9* 

ltl+Q 

1271* 

Il67« 

1U/7 

ltl2* 

lt06* 

lt'jt 

1U17* 

1531‘ 

lll7 

•to 

1206 

1202 

1-76* 

925* 

11?1* 

122b 

1X7* 

1207* 

1232 

1C22 

12X « 

1261 

1X9* 

1210* 

1092* 

123c* 

1131* 

1237* 

Indi:ateo  that  the  projectile  wail  v.aa  perforated.  All  frBcmer.ts 

were  aimed  to  impact  at  an  obliquity  angle  of  zero  degrees. 
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TABLE  A -VII  (C).  CLASSIFICATION  OF  RESULTS  - 

Fragments  Versus  105mm  HE  Projectile 
(Composition  B)  (U) 


Fragment 

Mass 

( grains ) 

Impact  Velocities  (mpsl 

High  Order 

Low  Order 

Burn 

No  Reaction 

120 

1629 

152  5 

1660' 

166S 

15l*l* » 

16/0 

1752 

j.5*»8* 

16 16 

1805 

1553 

1 679 

181*0 

1561* 

1691 

1585 

1716’ 

1587 

1/36* 

1606 

1/3' 

I6li*» 

17/ w 

1658 

2t0 

1690 

162  0* 

1236 

1576* 

1692 

1565* 

1686* 

1568* 

1/51* 

1571’ 

lr» 

1572 

lci*6* 

1575’ 

l'l,* 

*  Indicates  that  the  projectile  wall  was  perforated.  All  fragments 
were  aimed  to  impact  at  an  obliquity  angle  of  forty-five  degrees. 
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TA  I.K  A-VIII  (C>.  :LAG2IITCA-Iv>!:  jf  results  - 

rrr^rfciF.J  Vercur.  155nuu  !!L  Projectile 

C  -\i  •'  V  :  .0 


Fragment 

Impact  Velocities 

(mps) 

grains ) 

risjh  Order 

Lc..  rdcr 

.uni 

I.o  Pea oti-.r. 

120 

lr  2  • 

i 

\\  r i 

1  U3 

13'v 

1-02!. 

ll'"i 

1  i  1  / 

iLc./ 

16/5 

151c 

1/13 

1521 

17cl 

152!‘- 

179  ■’ 

1  x 

109 

15"-' 

l-:lr» 

15  7) 

1536 

ric 

13-7 

1219 

1332 

VI  1212 

133/ 

■XU  1205 

iy£ 

101'.  12:1 

1372 

lCLt  12-2 

13/5 

10/2  12 ,2 

-  1376 

1025  13'c 

lllO 

1029*  ll?l 

llio2 

1 

i 

•  Indicates  thct  the  projectile  wall  was  perforated.  All  fragments 
were  aimed  to  impact  at  an  obliquity  angle  of  zero  degrees. 
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ta;*l±'  a-ix(c).  classification  of  results  - 

Fragments  Versus  175mm  HF  Projectile 
(Composition  p)  n«> 


Fragment 

Mass 

grains) 

Impact  Velocities  (mos) 

High  Order 

Low  Order 

Bill!! 

!  No  Pee 

i 

•  t  ion 

i 

120 

iyi*y 

1^6 

- 1 - 

;  i lie 

18  L 

L  -,e.7 

1868 

1510 

lcv  <•  I* 

1C’6 

1879 

Id  07 

1“05 

1955 

1881 

lt<P 

1923 

1952 

1723 

lr>3l 

2002 

i  1/1*9 

!•  ,  • 

1 .1.0 

1  l/tc 

U'C. 

: 

...  ,  lbiV 

iv;<  i 

2l0 

128c 

■H 

— 1 

ll*05 

Sfr'<S^| 

wE2m 

11*32 

1  1 

lie ; 

l3r\-» 

H*55 

1196 

1331* 

11*61 

IV-/) 

1566 

123  5 

l~.li* 

123/ 

1365 

■ 

17U? 

1360 

■ 

12 1*3 

ll3'> 

■ 

1250 

lM*0 

■ 

125& 

H63 

H ■ 

1260 

*  Indicates  that  the  projectile  well  was  perforated.  All  fragm*  Oc 
were  aimed  to  impact  at  an  obliquity  angle  of  zero  degrees. 
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( CONFIDENTIAL )  APPENDIX  B 

Steel  Fragments  Versus  Soviet 
Artillery  and  Rocket  Projectiles  (u) 


75  The  following  page  is  blank. 
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TABLE  B-I  CL-'GSIr  ICATIoM  OF  RFSULTS 

Fragments  V-tsus  Soviet  :vn  tin  Pro, 1 L*.  ’j) 


U;'i:.er,\ 

’teas 


Impact 

.elj 


|••.•ins ) 


TtV.’f"  •*  i  Li: 
:  -i  ;:  '.  nr  . 


...or  hi*  . 
?•<'*&*  ir,  •  ; 


l-' 


r fo.  c  ••  L’t 
burning  r 


i'«  b-:l>.S _ 

v.oLl  perforated."  Jlight 


r  rarx.or."  i  ::.pa  o  ■’  ■  i. 
and  ■  lie  perfor'j ' 

’.all  perforat'd.  :.c 

i  XpiOSi’/e  reaction 


l'O' 


1  •2' 


1260 


observed . _ 

Pro.ie  ?!  ilo  wail  perforated.  Align1 
hurnlnx. 

Pro.'o  '  lie  wall  perforated.  dli-.;h' 
burn  in;,,. 

Frojeji  :  le  vvoll  perforated.  I.o 
burning  or  explosive  reaction  ob¬ 


it;  i 
1024 


243 


16^0 


served. 

Low  order  reaction. 

FroJtot.iJe  wall  perforated.  !: 
burning  cr  explosive  i  e-actlor. 
served. 

Low  order  reao- icn. 


:-4e 


Mi 


Low  order 


reac- ion. 


o 


or  - 


*  “he  aim  point  wa3  mid-way  fce'veen  the  bourreiet  and  "he  ^ 
rota  ing  rands.  The  obliquity  angle  was  zero  degrees, 

.he  wall  thickness  at  this  point  is  •\4cO  inc.ies.  .he  I'K 
filler  is  HDX  73 alualnwa  £3  "j  4'. 
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TABLE  B-H  (C).  CLASSIFICATION  OF  RESULTS 
Fragments  and  rtullets  Versus  Soviet 
122nm  HE  Artillery  Projectile  (TUT)  U) 


Fragment 

Mass 
(  •l  oirs ) 

Impact 

Velocity 
!  mps ) 

Results 

TO 

2330 

Fragment  hit  v.o  inches  low  of 
intended  poin*  of  impa  •*. .  *  Kc  per¬ 
foration  or  explosive  n  e-Mon. 

cC 

-a- 

ro 

CM 

Fragment  hit  one  inch  low  of  in¬ 
tended  point  of  impact,  l.’o  per¬ 
foration  or  explosive  reaction. 

-.0 

2502 

Project! Le  wall  perforated.  Slight 
burning. 

c0 

25^*0 

Fragment  hie  one  naif  in.-h  to  the 
right  of  the  intended  point  of 
impact.  No  perforation  or  explosive 
■  reaction. 

60 

253d 

Projectile  wall  perforated.  Slight 
burning. 

cO 

257L 

Fragment  hit  one  half  inch  to  the 
right  of  the  intended  point  of 
impact.  Ho  perforation  or  explosive 
reaction. ’ 

6o 

2605 

Low  Order  Reaction. 

to 

1  . 

2eI0 

Low  Order  Reaction. 

6o 

fragment  hit  one  half  inch  low  and 
one  half  inch  -o  the  left  of  the 
intended  point  of  impact.  Pro¬ 
jectile  waj.1  perforated.  Slight 
turning. 

cO 

2669 

Projectile  wall  perforated.  Slight 
burning. 

120 

1679 

No  perforation  or  explosive  reac* ion. 

120 

1/52 

120 

1939 

Fragment  hit  one  inch  high  of  the 
Intended  point  of  impact.  Projectile 
wall  perforated.  Slight  burning. 

•The  aim  point  was  one  inch  below  the  bourrelet.  The  obliquity  an 
gle  was  zero  degrees.  The  wall  thickness  at  this  point  is  0.620 
inches. 
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TABLE  B-II  (c).  CLA3SIFI -AVION  OF  RES' TOC 
Fragments  and  Pullets  Verdun  Soviet 
U'.'ri:.  -i  li  it : ..  : r  Il<  ...  )  '"or.'  i 


Impact 

Velocity 
mps ) 

Rt'S’.il  w  v> 

l  /\ 

-  v  r 

Prc.'c  tilt  -..ail  r for  a  ted .  r/.pioci  e 

ourijed  for  4'.  ninuteJ. 

i  OO 

**o  3 

Fragment  hi‘  one  in  *h  lev  of  l:.- 

■  ended  impact  point.  Fi o.'e  -1  i !■-  vail 
perforated.  SLit'K.  turnin'?. 

:io 

lino 

;.‘o  perforation  cr  explosive  rea  ion 

24  0. 

14;- 1 

I- ragmen •  hit  one  inch  high  of  the 
intended  point  of  impe-t .  Pro.’ev  .le 
vail  perforated.  Slighr  turitir.g. 

-40 

1‘iCC 

Fragment  hit  one  inch  low  of  the 
intended  point  of  impact.  Projectile 
waJ  L  porfora-ed .  Slight  burning. 

040 

I62h 

Low  order  re»o‘ ion. 

240 

1668 

Low  order  reaction. 

240 

l~o0 

Low  order  revtion. 

^40 

1:204 

Low  order  reaction. 

*yr 

A  .  V  cal.  ball  bullet  was  used  in 
this  test  resulting  in  a  low  order 
reaction. 
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TARLE  B-IXI  <C).  CLA  iSIFICATION  OF  RESULTS  -• 

Fragments  Versus  Soviet  l40mm  HE  Mcvket 
I  re  jeo  t  iles  t  Ti.'T )  /  U ) 


Impact 

Velocity 
(mps ) 

Will 

Thickness 
( inches ) 

Obliquity 
Angle 
(degretr. ) 

i.esuito 

240 

1830* 

0.375 

0 

Lew  Order .  j 

cUC 

1678* 

0.375 

0 

Wail  per loro  Led.  do  explo¬ 
sive  reaction. 

240 

l6'/8* 

0.375 

0 

Fragment  ir.pa  :teo  i-inch 
to  the  ri.jht  of  decried 
inpat  point.  V.'a  11  fo¬ 

ra  ted.  Ac.  exploci'.e  reac¬ 
tion. 

24C 

1531 

0.375 

0 

'.•.'all  perforated.  Slight 
burning. 

240 

1824 

0.  ?75 

0 

High  'Vder. 

240 

1835 

— 

O 

1  sj 

45 

V.'oil  perforated.  Explosive 
burned  for  5%minutc-3. 

240 

1844 

0.50 

0 

High  '  rder. 

240 

1794 

0.u0 

0 

Wall  perfcr:  ted.  Ho  explo-  j 
sive  rcuctii  n. 

240 

1779 

0.60 

0 

Well  perforated.  i.V.  explc- 

sive  reaction. 

480 

1120 

. 

0-375 

0 

. 

Fragment  impacted  1-inch  tc 
the*  rignt  of  desired  impact 
point.  Wall  perforated,  lie 
explosive  reaction. 

480 

1115 

■  0.375 

0 

Wall  perforated.  lie  explo¬ 
sive  reaction. 

U80 

1005 

0-375 

0 

1 

Weii  perforated.  Nc  explo-j 
sive  reaction.  ' 

_ l 

*  Estimated  Velocities 

CO 
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UBLi  B-lII  (c).  CUSSIi  lC/.ri:  II  t  .  FolJLTi;  - 

i-j  -.'Mii.r.  Ver:;u.;  i;«'v ;«?*.  i>.  ‘r.T.  Ml.  F.v.-k--’. 

Pro.ie.M.iltc  1  ;  •  .T )  (continued)  (U) 


i  ;■ 

Impact 

■  Mliq 

1 

Vel*  cl  ty 

Till  •'.iii  r..: 

rl.'.l*: 

Mecul’.c 

•  1 1  ;  ^ 

! 

i iichcc ) 

detiit,-..  1 

i  i.  ' 

!  ■■■  f 
!  ' 

mu 

.  i  i 

tranr.'::/  i.-.p:.  ■’ <rd  i-ir.ch 
‘.c  the  rir;ht  <•..*'  desired 
inpa.-t  point.  I.i.  exf.lwaivf 
rtactiun. 

1 

S  ; »  s 

1 

ii 

r  %  . . 

v/#  ■  •  * 

Vluli  pn-rfor&til.  i<n  er.pii  - 

i  » 

i  ‘ 

-- 

ji.e  re-ficMi.il. 

1  >/  ' 

.  t 

j  / 

*0 

Mr,  ..all  pt  rl'orfl M>  .  IM. 
explosive  reo-.-tioi.. 

/ 
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TAILS  B-IV  'c).  C  lassifica ; ION  CF  \-V6^W:Z 

Frengments  and  HuLlets  Versus  2.  viet 
L52nra  HF.  Artillery  Pro.;*.-.-?  lie  Hill  fU) 


.-  ragmen . 
f-!h  s  s 
'grains ) 


Impact 

Velocity 
•_  mps  ) 


Pen:  l*  s 


■t.)v 


i- ro.’wnl  failed  p-rfcra'  «■ 
r  ••q,!*!'-'  Lie  well.*  burrilii;' 
or  e-xrlis  lv»  ion  . 


1:0 


22?,  I 


riei'rrn  f'i>;d  to  pi-ifcifc'  e  | 
pro.le -tile  well.  burning 

cr  explosive  re  a  .•‘.ion 


120 


2316 


fragment  failed  *<■  per  fore  t.*- 
pro.le  ile  wa  LI,  ?.',■>  1  urning 
or  explosive  rt.Q.'t  i.  n . _ 


1.20 


23  If- 


Iragment  failed  to  perforate 
projectile.  wall.  .Ns  burning 
cr  explosive  reaction. 


120 


22  V> 


Fragment  failed  to  perf  ratr 
projectile  wall.  No  burr. lag 
or  explosive  react  ion. 


120 


120 


21*0 


23 X 


t\rt 


1W 


Fragment  failed  to  perforate 
projec*  * ' e  well.  lib  burning 
or  ex*  •.<  i  yereectiori .  _ 


Fragment,  foiled  to  perforate 
f\  rlectile  wail.  Sc  burning 
«  explosive  rcac-.ion. 


Fragment  failed  to  perforate 
projectile  wall.  No  burning 
or  explosive  rca  -*  ten. 


2U0 


loll 


Frugmen’  foiled  ’o  p*':Tora‘e 
projectile  wail.  No  burning 
or  explosive  reaction. 
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ocQ 


A  .r0  cal.  ball  bullet  was; 
impacted  at  an  00  li<iuity 
angle  <^>f  zero  degrees  result, 
ing  in  1.  low  order  re* 


■  n . 


A  .50  cal.  boll  built’  was 
impacted  at.  an  obliquity 
angle  of  b‘>  degrees:  result- 
ing  in  a  low  order,  reaction. 


•  The  aim  point  was  one  inch  below  the  bourrelct.  ;"u*-  well 
thickness  at  this  point  it  0.790  in.  All  fragments  were  aimed 
to  Impact  at  an  obliquity  angle  of  zero  degrees, 
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TABLE  C-l  <C).  CLASSIFICATION  OF  RE3ULTS  - 

Fragments  versu'.  U.S.  Cimm  Mcrtar 
Pro  jet  c*,-.r.s  (TNT)  (U) 


f  ragmen t 
Mass 
< grains ) 

Impact. 

Velocity 
t tups ) 

'"bliquity 

Angle 

(degrees) 

B 

B 

Results 

to 

! 

1H0C 

0 

3/V 

Pint 

I.’o 

Perforation.  Small  amount 
of  Hr  burned.  Impacted 

2"  below  gas  check  bands. 

m 

lcLy 

0 

>1 

1 

No  |  S.aall  amount  of  HE  burned. 

|  Part  of  the  plastic  nose 

1  cap  broken.  Impacted  ?'[ 
j  ;  below  gas  check  bands. 

120 

161? 

0 

None 

1 

1 

1 - 

No 

1 

Some  HE  burned.  Nose  cap 
knocked  off.  Unturned  HE 
scattered  around.  Impact 
below  gas  check  bands. 

120 

1891 

0 

None 

.  t 

No 

Mild  low  order  reaction. 
Rcind  broke  up  into  0  few 
large  pieces.  Impact  be¬ 
low  gas  check  bands. 

120 

2135 

0 

3A" 

Pin* 

no 

A  flash  observed  as  the  HE 
burned.  No  breakup  of  the 
projectile.  Nose  plug 
knocked  off.  Impact  below 
gas  check  bands. 

120 

1891 

0 

it 

No 

Some  of  the  HE  burned. 

Nose  plug  knocked  off. 
Impact  below  gBS  check 
bands. 

m 

1890 

0 

it 

No 

Same  as  previous  round. 

m 

2130 

0 

if 

No 

Same  as  previous  round. 

120 

2135 

0 

ft 

No 

1 

Impacted  on  gas  check 
bands.  Some  HE  burned. 
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TABLE  C-I  (£)•  (Continued) 

CLASSIFICATION  OF  RESULTS  - 
Fragments  Versus  U.S.  Sinn  Mortar 
Projectiles  (TUT)  (U) 


Fragment 

Mass 

(grains ) 

Impact 

Velocity 

(mp3) 

Obliquity 
Angle 
(degrees ) 

Masking 

Fuze 

R€3ult3 

120 

2135 

0 

3A” 

Pine 

Yes 

Fuze  armed  v.ith  safety 
devices  attached.  Mild 
low  order.  Projectile 
casing  opened  completely. 
Impacted  one  inch  below 
gas  check  bands. 

120 

2135 

1*5 

•• 

No 

Perforation,  no  burning. 
Impact  on  gas  check  bands, 

120 

2135 

J*5 

No 

Same  as  previous  round. 

2t0 

1S30 

0 

ft 

e 

No 

Mild  low  order,  projectile 
fractured  into  three 
pieces.  Sustaining  wood 
fire  started  ir  packing 
box  below  the  round.  Im¬ 
pact  on  gas  check  bands. 

2lt0 

159** 

0 

!» 

No 

Some  HE  burned.  Impact  on 
gas  check  hands. 

2U0 

1L27 

0 

ft 

No 

Some  HE  turned,  ir.  burned 

HE  scattered  about.  Impact 
on  gas  check  hands . 

CLO 

1830 

0 

fl 

No 

Three  rounds  placed  in  a 
six-round  Soviet  type  con¬ 
tainer.  A  weighted  wooden 
box  placed  above.  Frag¬ 
ment  impacted  on  gas  check 
band.  Low  order  reaction 
of  the  impacted  round. 
Other  rounds  slightly  dam¬ 
aged. 

M 


l 
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TABLE  C-I  (CX  (Continued) 

CLASSIFICATION  OF  RESULTS  - 


Fragments  Versus  U.S.  8Lmm  Mortar 
Projectiles  (TUT)  (U) 


1  '  "! 

Fragment 

Mass 

("grains) 

Impact 
Velocity 
(mns ) 

Obliquity 
Angle 
(degrees ) 

Masking 

Fuze 

Results 

120 

2135 

0 

None 

Nc 

Impacted  one  inch  below 
gas  check  rings.  Mild 
low  order  reaction.  Pro¬ 
jectile  broke  into  three 
sections. 
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TAiiLE  C-IUC).  CLASSIFICATION  OF  RESULTS  - 

Fragments  Versus  Soviet/CHICOM  82mm  l!F. 
Mortar  Projectiles  ( TUT)  ^U) 


F  ra/;:u;nt 
Mass 

'grains ) 

Impact 

Velocity 

(raps) 

— 

Obliquity 
Augle 
( degrees) 

Fuze 

(Unarmed ) 

Results 

cO 

nUC- 

0 

Yes 

Fragment  imps  Vt-d  *'  0°  on  the 
unarmed  fuze.  il.e  plastic  fuse 
wes  shattered.  Mo  explosive  or 
burning  reaction  observed. 

120 

1891 

0 

No 

Frarpnent  impacted  on  ges  .'heck 
rings.  The  cast  iron  projectile 
fractured  into  tei.  pieces,  ho 
explosive  reaction  i.r  Vumim; 
observed. 

2l*0 

9U6 

20 

Yes 

Fragment  ir.pajted  one  inch  be- 
low  the  fuze,  20°  .iff  the  nose. 
Top  section  of  'he  projectile 
fractured  into  several  pieces. 
Fuzes,  undamaged,  thrown  about 
ten  feet.  No  explosive  or  turn¬ 
ing  reaction  observed. 

2*»0 

1986 

0 

No 

Projectile,  impacted  on  gas 
check  rings,  fractured  into 
twelve  pieces.  Mo  explosive  or 
burning  reaction  observed. 

2«<0 

1830 

0 

Yes 

Projectile,  impacted  one  inch 
below  gas  check  rings,  fracturoc 
into  26  pieces.  No  explosive  or 
burning  reaction  observed. 
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U.S.  Sub-Mlaalle  Hunldona  (U) 
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TABLE  D-I  (C). CLASSIFICATION  OF  RESULTS 
Fragments  Versus  Sub-Missile  Munitions  (U) 
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0.125  *  An  aluminum  plate  0.125  inches  thick 
0.063  =  An  aluminum  plate  0.125  inches  thick 
0.188  =  Combination  of  0. 063  sleeve  and  0.125  plate 

2.188  =  Combination  of  O.063  sleeve,  0.125  plate  and  w. 0  inches  polyurethane 
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TABLE  D-I  (C).  CLASSIFICATION  OF  RESULTS 
Fragments  Versus  Sub-Missile  Munitions  (Continued)  (u) 
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Impact  Velocities  (mps) 
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lA 

3 
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CVJ 
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vA 

P- 

QO 

• 
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i 

o 

o  . 

o 

STs 

C- 

« 
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lA 

ao 

• 
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;  Weight 

_ (grfl^ns) 
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Target 

Type 
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Fregroents  Versus  Sub-Missile  J-.unitions  (Continued)  'u) 
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table  D-:  (c).  clas3ifica:iv.;:  >f 

Fragments  Versus  Sub-Missile  Munitions  (Continues)  ftf) 


TABLE  D-I  (C).  CIASSIFICATL.!i  Fr.SULTS 
Fragments  Versus  Sub-Missile  Munitions  'Continued)  (U) 
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TABLE  D-I  (C).  fLASSIr- 1,'ATI j!.'  ‘>cX) LTi 

Fragments  Versus  Sub- "issue  "uni  lor.  ("ant. 
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Impact  Velocities  (mps) 
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TABLE  D-I  (C).  CLASSIFICATION  OF  RESULTS 
Fragments  Versus  Sub-Missile  Munitions  (Continued)  (j) 
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TABLE  0.11  (C).  CLASSIFICATON  OF  RESULTS 
30  Grain  HD  Fragments  Versus  Groups  of  XM-Ll 
Sub-Missies  in  Aluminum  Containers  (U) 


CONFIDENTIAL 


u 

u 

u 

k. 

U 

U 

U 

f 

01 

1 

41 

41 

4l 

41 

41 

41 

0 

n 

a 

T3 

1  TJ 

1  TJ 

«  T3 

l  T3 

-  TJ 

c 

u 

U 

41  U 

41  k 

u  c. 

U  U 

O  4- 

3 

0 

3 

0 

5  0 

C  O 

C  C 

c  0 

c  0 

0-1 

3 

3 

3 

3 

*-> 

c 

£ 

<«  JS 

4h  x: 

sz 

C  £1 

Oh  X: 

rH 

w 

t£ 

w 

to 

Cm 

CD 

3 

TJ 

•H 

TJ 

•H 

LO  *«H 

O 

t/l  ‘H 

VI  H 

V)  *^H 

W 

s 

g 

x: 

^  JC 

*3  X3 

-j  x: 

■0  x: 

x: 

0> 

3 

3 

hH 

•  H 

hH 

•H 

oc 

0 

TJ 

0 

TJ 

q  tj 

q  tj 

C  T3 

C  T3 

1m 

4) 

u 

4> 

3  4M 

3  4> 

3  41 

3  41 

c 

C 

c 

c 

c 

c 

C 

H 

0 

H 

0 

H  0 

0 

rH  0 

H  0 

H  O 

•H 

*<H 

f— 1  -wH 

»»H 

^  ‘*H 

(-H  -H 

C 

< 

< 

C  *3 

-X  -*0 

<  x> 

C 

>> 

1  U-^ 

</J 

« 

O 

w. 

O 

CO 

O 

ro 

3 

ON 

c 

0 

t 

A 

CO 

6 

r- 

CO 

1 

H 

LA 

HT 

LA 

lA 

VO 

to 

M  41 
> 

cv 

<\J 

OJ 

CM 

CM 

OJ 

CM 

I 

Oh 

Oh 

Oh 

Oh 

Oh 

Oh 

Oh 

O 

0 

0 

O 

O 

O 

0 

>11 

l/) 

£ 

<o  x: 

<o  x: 

t/J  XT 

w  x: 

CO  sz 

■ 

k, 

u 

k 

O 

k  c 

k  0 

»H  O 

u  0 

u  0 

■ 

1  * 

0) 

CD 

41 

CD 

41  0} 

41  CD 

41  CD 

41  CD 

41  CO 

n 

p 

>. 

a> 

>, 

41 

>>  41 

>»  4) 

>>  41 

>»  41 

>»  41 

CD 

CD 

CD 

CO 

<0 

01 

CD 

■H 

iH 

41 

r-4 

41 

a 

*H  C 

^  C 

rH  C 

rH  C 

Oh 

41 

41 

.  01 

41 

41 

41 

41 

C 

O 

5 

0 

U 

0  > 

O  > 

O  > 

0  > 

O  > 

O 

a 

£ 

z 

x: 

*-> 

3  S1 

C“»  t/> 

,2  8 

f*  V) 

»  41 

H  co 

Z  S 

</i 

<r"*N 

w 

M 

01 

01 

r—4 

5 

0 

lA 

LA 

lA 

LA 

LA 

lA 

LA 

£ 

CJ 

« 

OJ 

21 

21 

21 

CM 

H 

c 

3c 

iH 

• 

• 

• 

• 

■H 

£ 

0 

0 

0 

0 

0 

0 

0 

V 

L 

N 

4) 

•H 

.u 

-41 

-5“ 

tA 

LA 

lA 

lA 

UN 

a 

C*- 

c- 

C— 

L. 

• 

• 

• 

• 

41 

C 

■H 

O 

m 

cn 

ao 

co 

so 

co’ 

05 

CD 

£ 

c 

to 

0 

0 

0 

O 

0 

O 

O 

0 

c 

f- 

f- 

c- 

r- 

0 

3 

• 

• 

• 

• 

LA 

vA 

lA 

LA 

LA 

vA 

LA 

Oh 

c 

1 

0 

*«H 

01 

c 

u 

«0 

-fH 

41 

TJ 

a 

-O 

5 

4-> 

'0 

'O 

XT 

XT 

-3- 

§ 

3 

c 

rH 

O 

0 

z 

OS 

0 

_ 

U 

C> 


»  'O 

o  u 
o 

Oh  x: 


V)  HH 

*->  x: 


101  The  following  page  is  blank 

CONFIDENTIAL 


5.70  8.75  0.125  Two  layers  of  2691  All  uni 

seven  each  tioned 


CONFIDENTIAL 


(CONFIDENTIAL)  APPENDIX  E 

Engineering  Drawing*  of  U.S.  Artillery  Projectile*, 
Sovlat  Arelllary  and  Rockte  Projectile*, 

U.S.  and  SovlaC/CHICON  Mortar  Projectile*  (U) 
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2.  Shell  for  U.S.  105mm  Artillery  Projectile 
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1  Efforts  to  derive  a  satisfactory  measure  of  the  vulnerability  of  High  Explosive 
munitions  to  steel  fragment  Impact  have  been  hampered  by  a  lack  of  experimental  data. 
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This  report  presents  the  results  of  tests  of  firings  of  steel  fragments  against  U.S. 
90mm,  105mm,  and  175mm  HE  (Comp.  B)  artillery  projectiles,  Soviet  57mm  HE  (RDX/alumi- 
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Soviet  140mm  HE  (TNT)  rocket  projectiles,  U.S.  81mm  and  Sovlet/CHICOM  82nm  mortars 
(TNT),  and  a  variety  of  U.S.  Sub-Missile  munitions. 

These  firing  data  were  used  to  determine  contributions  of  fragment  strlklnq  mass  and 
velocity  required  to  Initiate  explosive  reactions.  (U) 
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